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SYNOPSIS : The paper spotlights the dynamics of rockfalls and debrisflows in Sri Lanka in the backdrop of some recent examples and
discusses the appropriateness of simple energy dissipation systems in situations where source of rockfall is either intractable or difficult
to arrest. The question of runout of rockfalls usually significant in the assessment of their damage potential is also discussed and
importance of such estimate is highlighted in the context of landslide hazard zonation mapping.

INTRODUCTION
Unlike these, the Sri Lankan rockfalls are largely seen to
originate by breaking away of weathered rockmasses at
unfavourable system of joints under the action of gravity. They
also occur when rockmasses and boulders get isolated from a
bed of colluvium due to erosion of ambient soil matrix. Cover of
colluvium favours incidences of debrisflows particularly in the
areas of high rainfall. Where rockfalls and debrisflows coexist the
dangers of massmovements seem to compound.

The estimation of devastating potential of rockfalls and
debrisflows in Sri Lanka constitutes a problem of profound
practical interest and economic significance. The Sri Lankan
landslides and other massmovements ranked in order of relative
abundance (Table 1) generally include components of rockfalls
and debrisflows, acting either independently or in combination.
Table 1: Relative abundance of different types of
landslides & other massmovements in Sri Lanka

Idealisation of rockfall types in Sri Lanka.

Most Abundant

<t/ (C) Soil falls &rockfalls
(C) Cut slope failures
(C) Ground Subsidences of large areas
(C) Sllflllps and block slides in soBs
(C) Earth and debris flows
(C) Reactivation of old landsndes
(C) Creep
(C)

Sri Lankan slopes are composed of the oldest and the tuffest
rock masses in the world, being of Precambrian origin. The bed
rock is usually found to under lie a cover of either colluvium or
residual soil or both. Where colluvium cover is acted upon by
heavy rainfall particularly in the area of poor drainage and steep
gradient, debrisflow becomes imminent. On the other hand,
where cover of residual soil occurs, deep cuttings usually involve
soil falls (Fig 1). Rockfalls along water courses are also common
(Fig 2).

Landslides on discrete boundary shears

Mud Avalanches
Very deep sealed landsrllles
(U) Slumps in rocks; rock sndes
!Ul Subaqueous slides
(U) Uquelaction failures

lUI
(U)
Least Abundant

(C) Common

(U) Uncommon

The task of classifying rockfalls, of unfolding their complex
mechanisms and of estimating their devastating potential is basic
to formulation of an appropriate strategy for rockfall control. The
rocks may simply fall, slide, roll, bounce, spin and may acquire
a curious combination of these. The possible trejectories of falling
rocks with particular reference to the methods of prevention and
controlling were discussed in earlier papers for the Himalayan
rockfalls, Bhandari and Sharma (1976) and Bhandari (1977).
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Fig 1: A typical soilfall in a residual soil cutting
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The most important situation in areas with preponderance of
highly fractured rock masses is however shown in Fig 4. Indeed
the most predominant problems of rockfalls and infact of other
massmovements as well are associated with scarp slopes. ·
In all rockfall cases, apart from understanding of the causative
factors, the point of most significant interest is the realistic
estil}late of runout in a given situation. The basic question to be
answered in all cases is that how far the rock will travel from its
source?. Fig 5 illustrates the idea of run out (spread due to
mobility) of moving masses. Examples of massmovements
involving debrisflow cum rockfall are shown on the left and those
involving pure rockfall are shown on the right side of the figure.

®®and ©are Energy
Dis~ipator Trenches

Fig 2: A typical case of rockfall along a natural water
courses
Boulders hurling down the hill along the natural water courses
are known to destroy roads, bridges and other public utilities.
The most recent example of such occurrence in Sri Lanka was
rockfall which destroyed the Liyangahawala Bridge. In 1991,
abutment tops
were sheared and the bridge deck was
completely wiped out by the impact of large boulders which
came rolling down the natural water stream. The bridge had to
be rebuilt in two spans of 9 m and 4 m. It is to be noted that at
the same location in 1948, a two span bridge had reportedly got
washed away due to more or less similar rockfall phenomena.

Anchors

Fig 4: Rockfalls originating from highly jointed rock
masses

Among hazards most commonly experienced in Sri Lanka are
those connected with homesteads, human settlements, roads
and railway lines in the landslide prone areas. Precariously
perched boulders on the slope are often seen to threaten
individual or cluster of houses, Fig 3. Examples of this kind are
discussed in the paper.
@ & <Bl are Energy Dissipater Trenches

Fig 3: A typical case of precariously perched boulder on a slope
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Fig 5: Runouts in debrisflows and rockfalls
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Importance of rockfall runout in landslide hazard assessment.
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While assessing hazards in an area, it is not enough to know that
the area in itself is safe but equally importantly, it is essential to
determine if instability in neigbouring areas could also pose any
threat to the safety of area in question.

Sturzstrom

K

0.8.

•

Rockstide-

0.6
Max. he-ight

••

Max. r-each
0.4

x

• Va

..
~~~
MAYUNMA.RCA

Elm

Table 2: A slope classification for production of slope
category maps
Slope (degree)/
Slope Range

Description

Limitations & Remarks

0. -3 .

Flat to Almost

Suitable for any type of agriculture

0.2

Hu

Huoscar<m

Ft

Bl

Blackhawk
Vo.iont

Ts

Vo

Gently Sloping

Felt while walking well drained
and easily cultivable with minimal
restrictions.

6. - 11.
(10% - 20%)

Moderately
sloping

Upper limit is consnered as limiting
gradient for hill housing.

11"-17"
(20 - 30%)

Moderately
Slope

Upper limit is considered as the
limiting gradient for small holder
agricultural practices, if without
adequate conservation measures.

17 . - 31 .
(30 - 60%)

Steep

Requires appropriate soil &
moisture conservation and
landuse planning. Not
recommended for small holder
management.

31 • - 40 •
(60 - 84)

Very Steep

For only existing state managed
agriculture and agroforestry type
under careful management with
strict adherence to recommended
conservation measures.

40. +
84 +

Extremely steep According to the national
conservation strategy draft
to preciptous
preciptous Action Plan-Central
Environmental Authority
November 1990 - any kind of
agriculture is prohibited if the
slope of the land surface exceeds
40. (84%)

(5 - 10%)
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Fig 6: Mobility of rockfalls and rockslides after
Hsu (1975) taken from Hutchinson (1979)

Rockfall in Hadley Division Batagala Estate Dickoya.
The location plan of the rockfall site is shown in Fig 7 and a
typical cross-section of the slope is shown in Fig 8. When
investigated on 5th December 1991, 18 labour line houses at the
foot of the steep slope were seen to have been threatened. The
area had the history of rockfall involving boulders as large as 6
m3 in volume, reported some six months earlier. About 7 years
ago, severity of rockfall in the area was so great that 4 acres of
tea land had to be abandoned and a road at this location was
completely damaged.

~

·.:

.
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Just to cite an example, consider the slope category map
produced on the basis of criteria given in Table 2. Let us say
that the slopes in the lower (flatter) range, when interpreted in the
background of hydro-geology and other factors are safe in
themselves but it would not automatically imply that the areas on
the whole are safe. It is probable that rockfall, the source of
which lies well away on the upper slopes, may put the safety of
an otherwise safe area in jeopardy. In fact this is what happens
to human settlements located in valleys even though they are
considerable distance below the source of rockfall located higher
up in the mountains.
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In Sri Lanka, the field observations reveal that falling rocks may
not always reach the foot of the hill in a single run if slope length
is large but, over a period of years through succession of
movements it is bound to threaten objects at the slope foot
unless rockfall is controlled. It has also been found that in many
cases of short slope length, falling rocks did not stop at the foot
of the hill but travelled further down by 0.5 km or so.
The concern for mobility of rockfalls and rock slides is now well
realised and reflected in the earlier literature also, for example
see Hutchinson (1975), Fig 6. In this case one could readily see
that volume of debris involved and height of the slope
significantly influence mobility of the falling rock masses.
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Fig 7: Plan view of the area affected by rockfall at
Dickoya

possible to an acceptable level of reliability, the most uncertain
elements in the study of rockfalls were:
(I) figuring out the most probable and the most dangerous path
taken by falling rocks and boulders.
(2) Dynamics or rockfall along the critical paths and estimation of
its damage potential vis-a-vis elements at risk.

(3) Estimation of runout and its real consequences
elements at risk.

vis-a- vis

An attempt was made to estimate the runout in the simplest of
the cases investigated to serve as an illustration. Whereas the
analysis attempted is approximate and full of questionable
assumptions,
it is still regarded as a step forward when
compared with recourse to mere conjuncture. Improvements
would naturally follow
a clearer understanding
or the
mechanisms of rockfall involving elements of free fall, sliding,
rolling, bouncing, collision and spin.

Fig 8: A typical slope threatened by rockfall at
Dickoya

(~

Geology

,

Outcrops of Charnockitic gneiss, mapped in this area, display
moderate to high degree of weathering and show near east west
strike and northerly dips. In all rockmasses, two sets of joints
were noticed even though jointing was not very well pronounced.
One of the interesting features observed was the spheroidal in situ
weathering producing rounded boulders.

N

r,

Boulder about 4.2 m
in volume & 11 7 tonnes
in weight.

Boulders in the matrix of colluvium constitute the over burden
deposit. The slope lies essentially between 37° to 40°, covered
with boulders of varying sizes, at times, subangular to spheroidal
in shapes, set in soil matrix.
At the time of investigation, although a large number of boulders
were found to cover the slopes, the principal threat was seen
from three huge boulders, the largest of which was of 3m x 3m
x 4m size. This boulder has drifted away from its bedrock source
and its underlying support seems to be weakening. Another
boulder of size 1.5m x lm x 3m was seen to partly rest on the
large size boulder. Triggering of rockfall was feared upon erosion
of the ambient soil matrix and consequent release of boulders.

E:::::::J Labour
Fig 9: Plan view of the area showing the line of
maximum slope witlr respect to labourlines

Problematic boulder at Idalgashinna
A plan view and a typical cross-section
of the slope at
Idalgashinna threatened by an isolated problematic boulder are
shown in Fig 9 & Fig 10. Morphologically, the area could be
described as gently dipping scarp land covered with a large
number of subspherical to subangular boulders. The bedrock in
the area could be classified as intensively weathered hornbend
biotite gneiss with bouldinage structure. The direction of
prominent joint set was mapped at 180°/90°. The
rocks
appeared heavily weathered both along joints as well as on the
slope surface.

Rockfall study procedure adopted:
The recommended
procedure is summarised in Table 3.
Whereas studies of geology, geomorphology and geotechnical
aspects including classification of rock masses, their structural
and rockfall characteristics and mapping of elements at risk were
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Fig 10: A section along the most hazardous slopes
at Idalgashinna
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Housei

Table 3: Rockfall study procedure

I

400~--------------------------------,

J

Rockfall Study Procedure

Coefflotent of trlctJOn

I

350 IF Irot. olopel

History & Consequences of

I

I

Previous rockfalls

300

I
Investigation & Mapping
Geological Geomorphological

Geotechnical

I
Study of potentially unstable rock masses,
their sizes, shapes and positions with
respect to elements at risk

I
I

I
Earth warning plus
Interim Control Measures
for Jmmdediate safety

Remedial Action

I

I

I

I
Elimination or
Avoidance

I

- Relocation of Human Settlements
- Realignment of Infrastructure
- Deflection walls & checkwalls
- Rock protection shed
-Tunnelling
- Rock collecting trenches
- Netting, fencing, etc.,

(1) Postulate Probable paths
of rockfall
(2) Postulate Probable modes
(trajectories) of rockfall

0.1

0.2

0.3

0.4

0.5

o.s

0.7

0.8

Coefficient of frlc:tlon (Second elope)

I

Fig 11: Estimate of travel distance from the foot of
the slope

Estimate Damaging Potential
with respect to critical
combinations of (1) and (2)
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Correction or
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25
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()

- Grouting and/ or shotcreting
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- Rock anchoring/bolting

>o

- Plantation barrackadlng

==0 15
0
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Estimate of runout and damage potential for the rockfall at
Dickoya

10

In an attempt to estimate the runout and its damage potential
one of the typical example of a rockfall threatening the human
settlement is taken from the rockfall at Dickoya as mentioned
above in Fig 8. The boulder of size 1.5 m x 1 m x 3 m resting on
another larger boulder is assumed to fall on to the slope about
5 m vertically below as shown in Fig 8, and thereafter to slide on
the slope. On arrival of the boulder at the foot of the slope, the
possibility considered is that it would travel on the flat slope until
it losses allits kinetic energy. Different but uniform coefficients of
friction on those slopes are considered. The estimates of travel
distance from the foot of the slope for different coefficients of
friction are given in Fig 11. The estimate shows the serious
danger to the house only about 10m away from the foot of the
slope.
In order to estimate the damage potential for that house the
velocity of the boulder at which it would collide with the house is
calculated (Fig 12). The correlation between impact pressure and
potential damage in Table 4 proposed by Rao (1989) is utilised
in assessing damage potential in this case (Fig 12). It is clearly
seen that unless the coefficient of friction of the first slope is
greater than 0.6, the risk to the house in question is indeed high.
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Fig 12: Estimate of runout of sliding rocks and their
damage potential at Dickoya
Estimate of damage potential for tbe rockfall at Idalgasbinna
S~veral h?uses could be seen on the slope of about 38° at
dtfferent ~1stances below a big boulder at Idalgashinna (Fig 10).
The velocity of the boulder is estimated at different distances and
the damage potential is assessed as mentioned in the previous
case (Fig 13)_. The distance of the first bouse on the slope below
th~ ?oulder 1s abou_t 50m. Even with a very high coefficient of
fnction of 0.6, the nsk to that house is indeed high.
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Table 4: Correlation between impact pressure and
potential damage (R.ao, 1989)
Category
of damage
potential

Impact
pressure
(knfm2)

Velocity
(m/s)

Potential damage

Since falling rocks cannot be brought to a complete halt without
very extensive control works usually not affordable, the question
of runout stands out as one of the key factors in mountain
hazard zonation mapping.
Concluding Remarks

0

0

1

0.7

5

1.6

30

3.9

100

7.1

1000

22.4

Low

1
Break windows

2

Push in doors

3

Destroy wood frame structures

4

Uproot mature spruce

5

Move reinforced concrete
structures

6

Category of
potential damage

40r------------------------------,---,
Coefficient of friction
0.1
0.2

0.3

30

8

0.4

c.

.

0.6

....
e
-20
!:

0.6

0

The question of runout of rockfalls introduced in the paper
deserves to be studied in a greater detail not only by extending
the elementary analyses presented in this paper but also
thorough constant field observations on rockfalls. The idea of full
scale experiments coupled with continuous filming may help
unfold mechanisms • of a falling rocks thereby leading to a more
scientific approach to estimation of runout and minimisation of
hazards due to them.
Calculations of runout will have to consider more complex forms
of movements including components of sliding, rolling, bouncing,
collision and spin.
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Energy Dissipation Systems
Falling rocks usually acquire tremendous amount of energy to
destroy the objects which come in their way. Trenches provided
at appropriate locations on the slopes (Fig 3 & Fig 4) help to
smother energy and inhibit their further movement. Provision of
trenches alone may however not be sufficient in themselves to
control rockfalls. Wire netting of slopes, installation of fixed and
swinging type fences and construction of deflection walls are
usually added to arrest falling rocks, Bhandari and Sharma
(1976); Natarajan & Bhandari (1973). Provision of fixed walls at
toe of slopes is also helpful, Jorstad (1979). The unspent energy
will be dissipated
by transportation rock masses to large
distances, Chowdhury 1980.
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